The aerial parts of Tetrataenium nephrophyllum were collected at the flowering stage, hydrodistilled, and the essential oil was analyzed by GC and GC-MS. Forty components accounting for 97.9% of the total oil were identified. Germacrene D (38.5%), 2-ethylhexyl acetate (11.2%), n-octyl 2-methylbutanoate (9.2%) and geranyl isovalerate (8.3%) were the major constituents. Sesquiterpene hydrocarbons (51.3%) and aliphatic esters (40.4%) were found to be the main group of compounds. The antimicrobial activity of the essential oil of T. nephrophyllum was determined against seven Gram-positive and Gram-negative bacteria (Bacillus subtilis, Enterococcus faecalis, Staphylococcus aureus, S. epidermidis, Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneumoniae), as well as three fungi (Candida albicans, Saccharomyces cerevisiae and Aspergillus niger). The bioassay showed that the oil exhibited moderate to high antimicrobial activity.
The genus Tetrataenium Manden. belongs to the family Apiaceae and consists of two perennial species distributed in Iran of which T. nephrophyllum (Leute) Mandenova is endemic to the country [1, 2] . In Iran leaves, flower buds and fruits of Tetrataenium species are used ethnobotanically as flavoring agents and as a spice for foods.
Volatile constituents and antimicrobial activity of the essential oil of T. lasiopetalum have previously been investigated, and germacrene D was found as the main component. The antimicrobial activity of the essential oil was reported as moderate to high [3] . Therefore, in continuation of our research on the composition and biological activities of the essential oils of Iranian aromatic and medicinal plants [4] [5] [6] [7] [8] [9] , the objectives of this study were aimed to assess the chemical composition and in vitro antimicrobial activity of the essential oil of T. nephrophyllum from Iran, which has not been previously investigated.
Hydrodistillation of T. nephrophyllum yielded a yellow oil in 0.1% (w/w) yield, based on the dry weight of plant. The identified constituents are presented in Table 1 , where all compounds are listed in order of their elution from the DB-1 column. Forty components were characterized, representing 97.9% of the total oil. Sesquiterpene hydrocarbons (51.2%) and aliphatic esters (40.5%) were found as the major groups of compounds.
Among the sesquiterpene hydrocarbons, germacrene D (38.5%), β-bourbonene (5.3%) and bicyclogermacrene (4.7%) were the principal compounds. From the aliphatic ester group, 2-ethylhexyl acetate (11.2%), n-octyl 2-methylbutanoate (9.2%) and geranyl isovalerate (8.3%) were the major components. Compounds not in either of these two groups accounted for 6.2% of the total oil.
The essential oil of T. nephrophyllum was tested against four Gram-positive and three Gram-negative bacteria, as well as three fungi. The results, presented in Comparing the composition of T. nephrophyllum oil with that of another species, i.e., T. lasiopetalum [3] revealed some differences and similarities especially in the first two major components. In the case of other constituents of the essential oils profile either qualitative or quantitative differences were also observed.
With respect to sensitivity screening, the bioactivity of the essential oil of T. nephrophyllum was very similar to that of T. lasiopetalum. The result was expected owing to the similarity of the compositions of the oils. It is conceivable that the antimicrobial property of the essential oil from T. nephrophyllum might be ascribed to its high content of alkyl esters and sesquiterpenoids, which constitute the major percentage of the total oil and which have been shown previously to be antimicrobial [10, 11] . 
Isolation of the essential oil:
The air-dried and ground aerial parts of the plant (100 g) were subjected for 4 h to hydrodistillation using a Clevenger-type apparatus. The obtained oil was dried over anhydrous sodium sulfate and stored at 4 o C until tested and analyzed.
Essential oil analysis: GC analysis was performed by using a Thermoquest gas chromatograph equipped with a flame ionization detector (FID). The analysis was carried out on a fused silica capillary column (DB-1, 60 m × 0.25 mm i.d., film thickness 0.25 μm).
The operating conditions were as follows: injector and detector temperatures, 250˚C and 300˚C, respectively; carrier gas, nitrogen at a flow rate of 1 mL/min; oven temperature program, 60˚C -250˚C at a rate of 5˚C/min, and finally held isothermally for 10 min.
Essential oil of Tetrataenium nephrophyllum Natural Product Communications Vol. 2 (12) 2007 1251 GC-MS analysis was accomplished by using a Thermoquest-Finnigan gas chromatograph coupled with a TRACE mass spectrometer. Helium was used as carrier gas at a flow rate of 1.1 mL/min. Ion source and interface temperatures were kept at 200˚C and 250˚C, respectively. The quadrupole mass spectrometer was scanned from 43-456 mass units with an ionization voltage of 70 eV. Gas chromatographic conditions were the same as those given above for GC.
Oil components identification:
Retention indices (RI) for all constituents were calculated according to the Van den Dool approach, using n-alkanes (C 6 -C 24 ) as standards and the essential oil on a DB-1 column under the same chromatographic conditions. The identification of each component was made based on comparison of its mass spectrum with those of the internal computer reference mass spectra libraries (Wiley 7 and NIST), as well as by comparison of its retention index with published data [12] , and in some cases by co-injection with authentic compounds.
Antimicrobial activity:
The in vitro antibacterial and antifungal activities of the oil were evaluated by the disc diffusion method using Mueller-Hinton agar for bacteria and Sabouraud Dextrose agar for fungi [13] . Discs containing 15 µL and 30 µL of the oil were used and growth inhibition zones were measured after 24 h and 48 h of incubation at 37˚C and 24˚C for bacteria and fungi, respectively. Gentamicin and tetracycline for bacteria, and nystatin for fungi were used as positive controls. [14] .
